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Upper Missouri Basin Well Information
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Montana Bureau of Mines and Geology
WORK PLAN

PART A: Review of closed basins

Closed basin case study (Section 23)
(1a) the Montana Bureau of Mines and Geology, provided for in 20-25-211, shall review, assess for
scientific accuracy, and compile ground water studies that have been conducted in the last 20 years in
closed basins or subbasins in Montana that may have a bearing on better understanding the water
balance in these basins with respect to potential ground water withdrawal impacts on surface water.

(1b) after compilation of the intormation, the Bureau of Mines and Geology shall present
recommendations to the appropriate legislative interim committee regarding any additional studies that
would help to assess the water balance in closed basins or subbasins with respect to potential ground
water withdrawal impacts on surtace waters.

The MBMG has initiated compilation, review, and assessment of studies related to
ground water within the closed basins. These repons will be compiled in electronic
bibliographic format and provided to the WPIC. The MBMG will use these references
and other information to make recommendations as to additional studies related to
water balance and potential impacts of ground-water withdrawals on surface water
within the closed basins. The MBMG's initial recommendations are provided in PART B
of this work plan.

PART B: Case Study

Section 23
(2) The Bureau of Mines and Geology shall conduct a case study to gather and develop data to determine
the adequacy of any additional recommended minimum standards and criteria for hydrogeologic
assessmenfs, as defined in section 15, associated with ground water withdrawals and the range of
impacts of those withdrawals on surface water and ground water resources. The Department of Natural
Resources and Conseruation shallcoordinate with the Bureau of Mines and Geology with regard to
surface water monitaring and other elements of the case study as necessary.

(3) The case study must be conducted in basins closed pursuant to sections 85-2-330, 85-2-336, 85-2-
341, 85-2-343, or 85-2-344. The bureau of mines and geology shall ensure that at each site involved in
the case study the following, at a minimum, is accomplished to provide the necessary scientific data and
i nto rmation to po I icymake rs :
(a) an appropriate number of monitoring wells are drilled or avaitable to provide scientifically defensible
data;
(b) aquifer testing and recovery testing is conducted at the site;
(c) water quality samples are collected from each pumping or primary well at the beginning of the case
study and a the end of the case study;
(d) if information or data has already been collected for the site, the information is reviewed, analyzed,
and verified by the bureau af mines and geology;
(e) if the site has an established system, that the established system is monitored under its current or
planned operating conditions; and
(t) any other information is collected that the bureau of mines and geology determines is necessary to
make recommendations for additional minimum standards and criteria for hydrogeologic assessments, as
defined in section 15, associated with ground water withdrawals and the range of impacts those
withdrawals have on surface water and ground water resources.
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(4) ln addition to the requirements of subsection (3), the bureau of mines and geology shalldevelop a
system to compile existing aquifer testing data, as well as data resulting from hydrogeologic
assessrnenfs, as defined in section 15, and monitoring activities.

The Case Study will comprise three phases: 1) site investigations, 2) site-scale and
basin-scale assessments of impacts, and 3) evaluation/development of criteria for
hydrologic assessments for permit applications.

1) Site Investioations: Past or pending permit applications in closed basins will be
evaluated with respect to the various hydrogeologic conditions that occur in closed
basins, including:

a) near stream shallow alluvial aquifers;
b) deep basin, confined or semi confined aquifers;
c) intrabasin or interbasin aquifers below the basin-fill aquifers; and
d) basin margin / bedrock (fault controlled).

The objective of these investigations will be to 1) describe these hydrologic settings
particularly where ground water is likely to be developed, 2) describe the range of
potential impacts to ground water and surface water under each setting, and 3) assess
the adequacy of the current methods used to predict stream depletion within the range
of hydrogeologic conditions present in the closed basins.

Each site investigation will include a review of existing reports, data (lithology from well
logs, aquifer test data, geology, chemistry), and analyses; the review will determine the
need, if any, for additional data including aquifer tests, additional monitoring wells,
additional water quality sampfing, and additional analyses of pumping effects with
distance and time. The MBMG will then conduct field work to gather data and pertorm
analyses using the additional information.

Sites presently under consideration for the site investigations are briefly summarized in
Appendix 1. In accordance with Section 23 (4), aquifer test and monitoring data
compiled for each site investigation, along with additional data collected by the MBMG
will be available through the Ground-Water lnformation Center database. The MBMG
has initiated a system to accept aquifer test data and hydrologic assessments for
electronic storage and retrieval.

2) Site-scale and Basin-scale Assessments: The results of the site investigations will be
used to construct generic conceptual and computer-based models of the range of
hydrologic conditions evaluated in the site investigations. In addition to pumping, each
hydrologic condition, or combination of hydrologic conditions, will be modeled to
examine the effects of such variable stresses as recharge (natural and artificial),
evapotranspiration (seasonal and land use change), cumulative pumping (irrigation and
domestic).
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The approach will be to construct a matrix of hydrologic conditions versus stress based
on aquifer characteristics and dimensions found in southwest Montana. Initially, each
hydrologic condition will be modeled under background conditions (figure 1). Then, for
each hydrologic condition, new stresses (pumping) will be added; the impact to ground-
water levels, surface-water flow, water levels in other wells will be examined (figure 2).
For example, shallow, near stream conditions will be modeled initially under background
or existing conditions (no pumping occurs at the site, but may occur nearby for pre-
existing irrigation wells); then a new stress, pumping with a single irrigation wellwill be
examined at various distances and pumping rates over an appropriate period of time.

Figure 1. The primary matrix for the case study examines each hydrologic condition under baseline or
background stress conditions.



Figure 2 The secondary matrix for the case study sets up a closer examination of each hydrologic condition
established in the primary matrix.

The overall process is illustrated by example:
o fi review of about 20 outstanding applications shows that there are several

permit applications for wells installed within the shallow near-stream aquifer. The
hydrologic assessment reports will be examined for their value in the overall
analysis and their appropriateness for that application . The aoat is not to

an
conditions found in the closed basins.

o At least one, but likely several sites will be selected for a detailed examination of
the hydrologic condition with particular attention paid to the aquifer test (duration,
type of analyses, etc.), monitoring well placement (distance from pumped wetl
and stream, depth, etc.), and stream characteristics (totalflow, gain/loss
characteristics, etc.). The detailed examination will determine iiadditional data
(more monitoring wells, more testing, water quality, etc.) are needed.



o lf more data are desired for that site, the MBMG will seek cooperation and
access from the applicant and their agents (if applicable) to conduct the field
work.

o After completion of the field work, all data for each will be compiled and used to
evaluate the potential impact of pumping on sudace-water flow.

o A ground-water flow model will be constructed for one or more of the sites; this
model will be site specific and will be calibrated using the pumping test data.

o A generic model of pumping from near-stream shallow aquifer at various
discharge rates, under various background/baseline conditions as shown in
established in the primary matrix. The model will be then be used to describe the
range of responses in ground water and surface water from pumping from wells
at various positions in the aquifer at various depths and distances as established
in the secondary matrix.

Evaluation of cumulative impacts will include those that occur locally (e.9, multiple wells
with overlapping zones of influence) and area wide (multiple wells and/or multiple
depths). The results of each the analyses generated by the matrices will be presented
as summary for each hydrologic condition. A common tool for presentation will likely be
a graph of ground-water decline over time compared to stream flow.

Each of the hydrologic conditions under background and new stresses will be modeled
with a mitigation or management scheme defined in the matrix of figure 3. To continue
with the example, after modeling near-stream shallow aquifers with various pumping
rates and locations, the effect of mitigation by return flow, artificial recharge, and land
use change will be evaluated. Output from this modeling will present a comparison of
the effects of each mitigation/management option on the effects of pumping.



Figure 3 The third matrix will examine the effects of mitgation and managment options on each of the
hydrologic conditions.

The modeling will be constrained by the range of aquifer parameters (transmissivity,
storage coefficient, aquifer thickness / extent, etc.) the range of pre-existing stresses
(existing pumping rates, recharge rates, ET values, etc.) that were determined in the
site investigations. Sensitivity analyses will be used to describe the effects of the
uncertainty related to the measurement of transmissivity, stream flow, water levels, etc.

3) Evaluation/development of Criteria: The site investigations and the modeling will be
used to evaluate the adequacy of the existing hydrologic assessments and minimum
standards. The MBMG will review the current permit process with respect to the data
collected, the evaluation methods used, and make recommendations as to additional
information and analyses as called for in Section 23(2) of H8831 . These
recommendations will relate to both individual permit applications and basin-scale
evaluations.



Section 24. Case study - requirements for participation (2) The bureau of mines and geology, in
cooperation with the appropriate legislative interim committee, shall notify each af the entities described in
subsection (1)(d), in writing, of the opportunity to participate in the case study and the requirements for
participation.

Upon approval of this Work Plan by the WPIC, the MBMG will finalize its selection of
sites for investigations and seek cooperation from individual well owners.

PART C: Committee Activities
The MBMG will participate in activities related to the Water Policy lnterim Committee
(WPIC) as requested and include:

1) Updates of MBMG activities to the committee at each meeting which include:
a) progress report on H8831 Case Study
b) status and current activities of the MBMG Ground Water Assessment

Program
c) progress report on 23(4): compiling existing aquifer testing data, as well

as data resulting from hydrogeologic assessments for the Ground Water
Information Center database.

2) the MBMG will provide presentations of background information related to
hydrogeology that may include water balance calculations, the hydrologic cycle, ground-
water flow modeling, geochemistry / geochemical modeling, aquifer testing / aquifer
characteristics, and recharge as requested by the WPIC.



Appendix 1
Case Study Investigation Sites

Site Name (drainage): 1: 6S7W5(2), 5S7W32,6SilA/6 (Beaverhead)

Status: permit application in progress

Potential hydrologic condition(s):

near stream development
recharge from ditch
well interference
deep and shallow production

Available data:
production wells (several)
stream flow staff gage
monitoring wells on site
monitoring wells off site

Notes:
3 wells in permit process. Total depths range from 160 to 520 fbgs, multiple screen
intervals
aquifer tests on each (-70 hours)

may also want to include nearby properties - same drainage, similar range of conditions
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Site Name (drainage): 2: 2N2E35 (Gallatin)
near Logan/Man hattan/Amsterdam

Status: permit application in progress

Potential hydrologic condition(s):

deep / sub basin
Tediary sediments
other wells in area are completed in the Madison LS

Available data:
production well
monitoring wells on site (72 hour pumping test)

Notes:
other permit applications in the same area, same aquifer

********

Site Name (drainage): 3: 5SBW32 (Beaverhead)

Status: permit application in progress

Potential hydrologic condition(s):

deep basin
possibly confined areal extent unkown

Available data:
production well
monitoring wells on site

)l_..



Site Name (drainage): 4:8S8W6 ,7,18,20;8SgW1 1 ,12; 9S8W9
(Beaverhead - Blacktail Deer)

Status: permit application terminated

Potential hydrologic condition(s):
shallow production near stream (Blacktail Deer Creek)

Available data:
about 7 production wells
monitoring wells on site; may need observation wells

Notes:
Seven or more wells TDs ranging from 181 to 330 feet bgs (perforations from 60
to 330)
other wells in the area
previous investigation

********

Site Name (drainage): 5: 9S8W9 (Beaverhead)

Status: permit application in progress(?)

Potential hydrologic condition(s):
shallow near stream (Stoddon Slough, BHR)

Available data:
production well
monitoring well on site (72 hour pumping test)
May need more obs wells

Notes:
existing gw flow model (site)



Site Name (drainage):6:1 S5W26 (Jefferson), near Waterloo

Status: permit application terminated

Potential hydrologic condition(s):
shallow, near stream

Available data:
production well: 160 feet
monitoring wells on site 1 obs; no assessment

Notes: work done for assessment, but no report presented

********

Site Name (drainage):7: 4S2W35 (Madison) near McAlister, Meadow Creek

Status: permit application terminated

Potential hydrologic condition(s): bedrock aquifer, basin margin

Available data:
production well: 160 feet, perforations 40-160'
monitoring wells on site: 3 observations wells on site,
severalwells offsite

Notes:



Site Name (drainage):8: 1N4E9 (East Gallatin)

Status: permit application terminated

Potential hydrologic condition(s): basin margin, deep basin - below valley fill,
confined(?)

Available data:
production well: 2 wells same depth - 397
monitoring wells on site several, several off site

Notes:
may need observation wells in shallow sediments(?)

********

Site Name (drainage):9:1N4E6 (East Gallatin)
near Manhattan

Status: permit application terminated

Potential hydrologic condition(s): deep basin below valley fill (Tertiary Renova Fm
[reported]), valley margin(?)

Available data:
production well: 385 screen at several intervals between 220-387'
monitoring wells on site and off site

Notes:

s*



Site Name (drainage):1 0:6S7W1 1 (Beaverhead)
Spring Creek, Trout Creek

Status: permit application terminated

Potential hydrologic condition(s): shallow, near stream

Available data:
production well: 61 3', multiple intervals:1 93-21 3,273-293 etc.
monitoring wells on site

Notes:

********

Site Name (drainage):1 1 :6S8W29 (Beaverhead)
Selway Slough
Status: permit application terminated

Potential hydrologic condition(s):
ground water from gravel pit

Available data:
production well: none, gravel pit
monitoring wells on site: none?



Appendix 2
Selected Text from H8831

A bill for an act entitled: "an act revising water laws in closed basins; defining terms in
water use laws; amending requirements for an application to appropriate ground water
in a closed basin; providing that certain applications to appropriate surface water are
exempt from closed basin requirements; providing requirements for hydrogeologic
assessments, mitigation plans, and aquifer recharge plans; providing minimum water
quality standards for certain discharges of effluent; requiring that previously approved
plans that were not located in the Clark Fork basin must meet certain criteria; requiring
that data be submitted to the Bureau of Mines and Geology; providing for rulemaking;
providing for a case study and requirements and a fee for participation in the case
study; recognizing and confirming existing appropriation rights in certain instances;
providing an appropriation; amending sections 85-2-102,85-2-302,85-2-31 1, 85-2-329,
85-2-330, 85-2-335, 85-2-336, g5-2-337, g5-2-340, g5-2-341 , 85-2-342, 85-2-343, 85-2-
344,85-2-402, and 85-2-506, mca; repealing section 85-2-337, mca; directing the
amendment of arm 36.12.101 and 36.12.120; and providing an immediate effective date
and applicability dates an applicability date."

CLOSED BASINS:
Teton
Upper Clark Fork
Upper Missouri
Madison - Jefferson
Bitterroot

Closed basin case study(Section 23)

(1a) the Montana Bureau of Mines and Geology, provided for in 2O-25-211, shall
review, assess for scientific accuracy, and compile ground water studies that
have been conducted in the last 20 years in closed basins or subbasins in
Montana that may have a bearing on better understanding the water balance in
these basins with respect to potential ground water withdrawal impacts on
surface water.

(1b) after compilation of the information, the Bureau of Mines and Geology shall
present recommendations to the appropriate legislative interim committee
regarding any additional studies that would help to assess the water balance in
closed basins or subbasins with respect to potential ground water withdrawal
impacts on surface waters.



(2) the Bureau of Mines and Geology shall conduct a case study to gather and
develop data to determine the adequacy of any additional recommended
minimum standards and criteria for hydrogeologicassessments, as defined in
section 16 15, associated with ground water withdrawals and the range of
impacts of those withdrawals on sudace water and ground water resources. The
Department of Natural Resources and Conseruation shall coordinate with the
Bureau of Mines and Geology with regard to surface water monitoring and other
elements of the case study as necessary.

(3) the case study must be conducted in basins closed pursuant to sections 85-2-
330, 85-2-337,85-2-336, 85-2-341, 85-2-343, or 85-2-344. fthe Teton River
Basin (85-2-330, MCA), the Upper Clark Fork River Basin (85-2-336, MCA), the
Jefferson River Basin and the Madison River Basin (85-2-341, MCA), the upper
Missouri River basin (85-2-343, MCA), and the Bitterroot River sub-basin (55-2-
344, MCA).1 The Bureau of Mines and Geology shall ensure that at each site
involved in the case study the following, at a minimum, is accomplished to
provide the necessary scientific data and information to policymakers:

(a) an appropriate number of monitoring wells are drilled or available to
provide scientifically defensible data;

(b) aquifer testing and recovery testing is conducted at the site;

(c) water quality samples are collected from each pumping or primary well
at the beginning of the case study and at the end of the case study;

(d) if information or data has already been collected for the site, the
information is reviewed, analyzed, and verified by the Bureau of Mines
and Geology;

(e) if the site has an established system, that the established system is
monitored under its current or planned operating conditions; and

(f) any other information is collected that the Bureau of Mines and Geology
determines is necessary to determine recommendations for additional
minimum standards and criteria for hydrogeologic assessments, as
defined in [section 16 15], associated with ground water withdrawals and
the range of impacts those withdrawals have on surface water and ground
water resources.



(a) in addition to the requirements of subsection (3), the Bureau of Mines and
Geology shall develop a system to compile existing aquifer testing data, as well
as data resulting from hydrogeologic assessments, as defined in [section 16 15],
and monitoring activities.

(5) the shall coordinate with the Bureau of Mines and Geology to provide surface
water measurements to determine impacts, if any, to surface water resources, as
appropriate, when a well located at a case study site is pumped.

(6) the Bureau of Mines and Geology shall:
(a) provide updates to the appropriate legislative interim committee
throughout the interim related to the progress of the review pursuant to
subsection (1) and the case study pursuant to subsections (2) through (5),
data trends, if any, and other information necessary to assist the
legislative interim committee in developing any necessary policy
recommendations;
(b) upon request, provide updates to the ground water assessment
steering committee provided for in 2-15-1523; and
(c) submit a report to the appropriate legislative interim committee and the
61st legislature providing a detailed analysis of the results of the review
and case study.

Section 24. Case study -- requirements for participation

(1) (a) participants in the case study that are proposing a new ground water
appropriation or a change in appropriation right pursuant to 85-2-402(17)
are subject to the requirements of sections 15, 14 through 22,21.

(b) up to a maximum of 10 sites that are the result of a new appropriation
or a change in appropriation right may be included in the case study
provided for in section 24,23. lf there are more than 10 entities wishing to
participate in the case study, the Bureau of Mines and Geology shall
select participants to ensure that to the extent possible each closed basin
is represented and as many different scenarios are represented as
necessary to ensure a scientifically accurate analysis.

(c) if there are fewer than 10 entities wishing to participate or if there is a
scenario that is not represented by case study participants that is
necessary to ensure a scientifically accurate analysis, the Bureau of Mines
and Geology may request cooperation and participation from entities that
hold appropriation rights for wells within closed basins.



(d) entities that had an application pending with the on April 11, 2006,
must be given the option to participate in the case study before the Bureau
accepts other requests for participation.

(2) the Bureau of Mines and Geology, in cooperation with the appropriate
legislative interim committee, shall notify each of the entities described in
subsection (1Xd), in writing, of the opportunity to participate in the case study
and the requirements for participation.

(3) to participate in the case study, a participant shall agree:

(a) that the use of a ground water well in accordance with an application
submitted pursuant to sectionl6, 15, 14 does not grant or give the
participant an appropriation right;

(b) to allow the installation of monitoring wells and shall allow access for
monitoring and review purposes;

(c) if monitoring or test wells exist at the site, to allow the Bureau of Mines
and Geology access to those wells for monitoring and review purposes;

(d) to allow for the measurement of pumping at the primary pumping well,
including any plumbing requirements necessary to ensure an accurate
analysis of pumping records and of the impacts, if any, resulting from
pumping of the well; and

(e) that the participant is responsible for costs associated with drilling the
primary pumping well, maintenance associated with the well, and other
costs reasonably related to the normal operation of a pumping well in the
absence of the case study; and

(f) to pay a fee of $t S.



BACKGROUND



Introduction to the MBMG

edge of ground-water evaluation and protection,
superfund sites, resource developmeni and ex-
traction, geoloeic mapoins. and overall exoerrise

'Vhat's 
Newin the2007 Biennium

*New coal/coalbed-merhane geologist
*New sratewide eeoloeic maD
*New with G\7It: OiillelUY.b
*New screening analysis for pharmaceuticals in
weter
*New ICP instrumenr provides parts per ril-
lion detection limits and isotopj analyses

d,Iew Biennial Report (available now)

llans for our new Naturd Resources building The Berkeley Pit. MBMG staff maintain the the Bufte Mine Flooding monitoring
network, along with Montana Resources and ARCO.



Geology

fu Montanat geological
survey, the MBMG has
been engaged for many
years in the acquisition
of geologic data and the
representation of these
data on geologic maps.
Accurate and appropriately
scded maps are fundamen-
tal to addressing virtually
every kind ofquestion

and other fossil fuels, extent of mineralization, occurrence of
swelling soils, post-fire reclamation, and location and pladng
of subd-ivisioni, roads, and waste-disposal and power faciliriei.
There is no activity humans ensase in on the lind surface that
cannot benefit from geologic in"fo"rmation.

The MBMG's mapping prosrar
funds and marchiir! dJllarsTror
tive grant component of the Ne
Mapping Progra-m (NCGMP).
mapping program has provided

con-cerning the eanht

Geolog ic  Map o f  Montana

Montanat land surface, represented on76 integtated geo-
logic maps of several scdes and delineating approximately
701 diffelent rock units. These data can be integrated witl

mostly geologic maps, were downloaded through the main
MBMdwebiite. AII of these data were provide? at no cost
to the user.



Water Resources

Monitoring Programs

Ground-water flow and quality
respond to many influences,
both man-made and natural.
Several long-term monitoring
programs are underway-some
for over 30 years neqT_g[a1
provide dati for decision
makers to address natural and
human infuences on ground
water and geothermal re-
sources, evaluate reclamation in
hard-rock and coal mines. and
mitigate the effects of the sus-
tained drought. Some of these
programs include monitoring

of the geothermal area near Yellowstone National Park, thi
Berkeley Pit and underground workings in Butte, coal strip
mines and coalbed-meifrane fields in s6utheastern Montaria,
Bie Muddv Creek in the northeast, and post-reclamation
mJnitoring for several hard-rock mines ii wesrern Montana.

Special Studies in Ground W'ater

The MBMG is conductins several investisations related
to specific localities or rp.Zifi. issues stateivide. Nitrate in
ground water has become a challenge for new subdivisions
ind must be addressed separately fo"r each site. Similarly,
pharmaceuticals and other chemicals are finding their way
from septic tanks to ground-water supplies. Neiv analytical
tools such as isotopes and new analyticd instruments for
organic chemicals are being employed to develop a better
un?erstanding of how grorind *"t.r .* be protected.

$ome Current MBMG \(rater-Resources Projecs

*Yellowstone Controlled Ground-Vater Area

*Big Hole'W'atershed Management Project

*Watershed and Ecosystems: A Baclqrard Classroom

*Sahniry Risk Model for rhe Bullhead Vdley

*Helena Vdley Ground\0fater: Pharmaceuticds,
Personal Care Products, Endocrine Disruptors, and
Microbial Indicators of Fecal Contaminadon

*Rehabilitating Flowing'S7ells in the Big Spring'Watershed

*lnigation Potentid of Ground \7ater Underlying the
LowE r Yellowsto ne Valley

*knpacts of Oilfield'Wastes on Natural Resources

*Improving Soil Productivity and \)Zater Qudiry in
Souih-Cen-tral Mon tana

*Evduadon of Coalbed-Methane Infiltration Ponds

*Coal lands Hydrogeology



Ground-'Vater Assessment

requires systematic moni-
toring and characteriza-
tion of aquifers to improve
understanding of Monmna's
ground-water"resources. As
part of a mandate to make
ground-water information
widely available, the Assess-
ment Program includes rhe
Ground-Water Information
Center (G\7IC) database
at the Montana Bureau of
Mines and Geologr. The

Ground-Vater Characterization Program

The Characterization Program includes a detailed study
of the aquifer system witliin a specific area. Study areai
are prioritized by the Ground-Water Assessment Steer-
ing Committee. The locations for more than 6,533 visited
wells (dots) andl,405 samples (yellowsquares) collected by
Characterization Program staffare shown on the map below.

Legislature also created an
interagency Sreering Committeeihat selects srudy areas,
addreJses the need tor better coordination 

"-ong 
S,"r.,-

Federal, and local government units, and overseei Assess-
ment Program progress.

Ground-Water Monitoring

The Ground-\il'ater Monitoring Program measures water levels
in 899 straregically located wefls eac'h quarrer (see map be-
low). Long-term records of water levels in wells are lilie long-
term records of sream flow, and provide information about-
how ground water responds to seasonal and climatic changes.tVater levels in wells also can respond ro orher factors ruclias
increased withdrawals due to population growth, or from land
use change. Vithout long-term iecords, these effects are dif-
ficuh or impossible to diiinguish.

The Gallatin-Madison and Park-Sweet Grass characreriza-
tion areas have been selected for furure work. Field work

Ground-Water Information Center (G\$nC)

G\7IC customers seek

sampling.

On July 1, 2004 drill-
ers began filing well
Iogs directly with the
MBMG. The MBMG
was also allowed to

GWIC bythe Numbers

*More than 10,700 users
*Currendy about 4,900 s6$$ions
and 38,000 queries each month
*Informatio n on 204,200 wells
*Results from 32,000 water-
qualiry analyses on 14,350 sites
*1.3 million waterJevel rnea-
surements

accept electronic copies of the log. In March 2004 MBMG
launched "Driller'\V'eb." an Internet tool that licensed wa*
ter-well drillers can use to file water-well logs. DrillerVeb
allows a driller to enter and edit data, print"well log reports
for their customers, manage their well log data in rheii own'private" account, and at the same time complete their
obligation to the state. By Novembe r 2006 more fian 4, 100
logs had been filed through Driller'Web.

lrdbon

I

b 3



Energy Resources
Oil exploradon and discovery are also extremely important
for Monranat economy. More than 2 billion barrels of oil
have been produced from the Biq Horn Basin and more
than 525 -illion barrels of oil fr6m the Powder fuver Basin.

Coalbed-Methane Development in Montana

*Began in 1999 wirh 127 wells producing 8 million cubic feet of
methane gas per day

*As of December 2005 there were 516 wells producing 10.5
million Mcf (Mcf = 1,000 cubic feet) per yar

{he gas is a high BTU, clean-burning fuel

*Within the Montana portion of the Powder River Basin, 7,500 to
26,000 CBM wells are expected to be drilled in the next 20 years

This free publication, published
in 2404, provides basic CBM
information for all Montanans.

l t .  I  nrvtlneral t(esources

MBMG has a continu-
ofresearch into

commodities that are

Mineral Museum

ther being mined or have
re potentid to be mined in

na. In recent vears the
f .

or Investlgatrons on

also houses an inventory of maps, mineral property files, and
production recolds on propertils; these are pri-*ily metallic
hinerals but include induslrial commodities.

lhe MBMG s staff mining engineer regularly visim mining
exploration operations across Montanias part of our Small
Mine Ooerators Assistance Prosram. Techiical services rt'nMine Operators Assistance Program. Technical services typi-
cally include operationd instruftion, feasibiliry assisrance, qe

The MBMGT staffmining engineer regularly visim mining and

:e, talc, chloiite, vermicu-
and zeolites have been

. Current research is
being focused on metd-

districts and gold placers;
particular interest in recent

are sapphire deposits.
deposits have pro-

more than 50 tons of
but the bedrock

have generally not yet
determined. The MBMG

operationd instruction, feasibiliry assisrancef geo-
logic mapping, surveying, sampling insrrucrion, mine desifn,
reclamation planning, and permitting guidance. Our ensinee
and geologis-ts answe-r hundleds of in"qiliries related to -'1n.."
reclamation planning, and permitting guidance. Our ensineer
and geologis-ts answe-r hundleds of iriqiliries related to m'lnerds
and mining each year.



Earthquake Studies
--"S(/e learn geology the morning after the earthquake."
Ralph Valdo"Eneiion, U.S. Poet,"essayist and tanicendenulist
(1803-r882).

'Western 
Montana has a history of large, damaging earth-

quakes and remains seismically active.

The MBMG records a total of 171 channels of seismic data
from 82 local and regional stations; improvements in the
system enable near-rEal-rime reporringbf significant evenrs ro
the National Earthquake Center, where they are used by

Seismograph record of the July 2005 5.6-magnitude earthquake
centered in Dillon.

A portion of MBMG Special Publication 114 showing known
potentiaily active faults in the Helena region along with
se lected e arth q u ake e picente rs.

appropriate State and Federal agencies (Montana Di-
sasler and Emergency Services, Montana Dam Safety

magnitudes of earthquakes are determined and cata-
logued.

A listing of recent
earthquakes, along
with other informa-
tion about seismic
hazards in Mon-
tana, is available on
the MBMG Eanh-
quake Studies Of-
6ce website (hnp://
mbmgquake.mtech.
edu/).



GARY A. ICOPINI
Office: (406) 496-4841
Fax: :(406) 496-4451
e-mail: gicopini@mtech.edu

Dissertation: Chromium Speciation and Mobil ity in

1993 M.S., University of Nevada, Las Vegas (Geosciences), Thesis: Evaluation of a filter pack dewatering on
VOC concentrations in a simulated low-yield monitoring well.

1990 8.S., University of Montana (Geology), Thesis: Geology in the Northwest Part of the Potomac Valley,
Montana.

RELEVANT EXPERIENCE
2006-Present Associate Research Professor, Montana Bureau of Mines and Geology (MBMG)
2005-2006 AssistantResearchHydrologist,MBMG
2003-2005 Post-Doctoral Research Associate, Chemistry Division, Los Alamos National Laboratory.
2000-2003 Post-Doctoral Research Associate, Department of Geological Sciences, Pennsylvania State

University.
1996-1998 Graduate Research Assistant, Department of Geological Sciences, Michigan State University.
and 1999-2000
1993-1994 Staff Hydrogeologist, Water Resources Center, Desert Research Institute, Las Vegas, Nevada.
1990-1993 Graduate Research Assistant, Water Resources Center, Desert Research Institute, Las Vegas,

Nevada.

PUBLICATIONS

lcopini, G.A., Boukhalfa, H., Reil ly S.D., and Neu, M.P., (in preparation), Pu(V)/(Vl) Reduction by Metal Reducing
Bacteria, In preparation for Environmental Science and Technology.

Conrad, C., lcopini, G.A., H. Yasuhara, J.Z. Bandstra, S.L. Brantley, and P.J. Heaney, (in preparation), Inhibit ion of
Silica Nanocolloid Formation by Sulfite. In preparation for Geothermics.

lcopini, G.A., D.T. Long, R.J. Ell is, and T.L. Marsh, (in submission,2007),Intrinsic Remediation of a Chromium
Contaminated Wetland by Biogeochemical Stabilization, proceedings of the 10'n Intemational Conference on
Environmental Science and Technology, Cos island, Greece.

Boukhalfa, H., lcopini, G.A., Reil ly S.D., and Neu, M.P., (accepted, 2007), Pu(lV) Reduction by Metal Reducing
Bacteria Geobacter metallireducens GS15 and Shewanella oneidensis MR1 , accepted in Applied and
E nviron m e ntal M i cro bi ology.

lcopini, G.A., Boukhalfa, H., and Neu, M.P., (2007), Biological reduction of Np(V) and Np(V)-citrate by metal reducing
bacteria, Environmental Science and Technology, a1(8): 2764-2769.

Conrad, C.F., G.A. lcopini, H. Yasuhara, J.Z. Bandstra, S.L. Brantley, and P.J. Heaney (2007), Modeling the kinetics
of silica nanocolloid formation and growth in aqueous solutions as a function of pH and ionic strength,
G eoc h i mica et Co s moch i mica Acta, 7 1 (3): 531 -542.

lcopini, G.A., Boukhalfa, H., and Neu, M.P., (2006), Environmental reduction of Tc, U, Np, and Pu by bacteria and the
stability of reduction products, rn Recent Advances in Actinide Science, Eds. l. May, R. Alvares, and N.
Bryan, Royal Society of Chemistry, London, 20-25.

Ruebush, S.R., lcopini, G.A, Brantley, S.L., and Tien, M., (2006) ln Vitro Enzymatic reduction kinetics of mineral
oxides by membrane fractions from Shewanella oneidensls MR1 . Geochimica et Cosmochimica Acta,70:
56-70.

Neu, M.P., lcopini, G.A., and Boukhalfa, H., (2005), Plutonium Speciation Affected by Environmental Bacteria,
Rad iochi mica Acta, Y ol. 93( 1 1 ): 7 05-7 1 4.

lcopini, G.A., S.L. Brantley, and P.J. Heaney, (2005), Kinetics of Sil ica Oligomerization and Nanocolloid Formation
as a Function of pH and lonic Strength at25oC. Geochimica et Cosmochimica Acta,69(2): 293-303.

Associate Research Professor
Montana Bureau of Mines and Geology
1300 West Park Street
Butte, Montana 59701-8997

EDUCATION
2000 Ph.D., Michigan State University (Geological Sciences),

Contaminated Soils, Sault Ste. Marie, Ml.
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lcopini, G.A., Anbar, A.D., Ruebush, S.R., Tien, M., and Brantley, S.1., (2004) lron isotope fractionation during
microbial reduction of iron. G eol ogy, 32(3): 205-208.

Brantley, S.1., Liermann, 1.J., Guynn, R.L., Anbar, A., lcopini, G.A., and Barling, J., (2004), Fe isotopic fractionation
during mineral dissolution with and without bacteria. Geochimica et Cosmochimica Acta,68(15): 3189-
3204.

lcopini, G.A., and Long, D.T., (2002), Speciation of Aqueous Chromium by Use of Solid Phase Extractions in the
F ield. Environmental Science and Technology, 36( 1 6): 2994-2999.

Long, D.T., lcopini, G., Ganev, V., Petropoulos, E., Havezov, 1., Voice, T.,Chou, K., Spassov, A., Stein, A., (2001)
Geochemistry of Bulgarian Soils in Villages Affected and Not Affected by Balkan Endemic Nephropathy: A
Pilot Study. lnternational Journal of Occupational Medicine and Environmental Health, Vol. 14: 193-196.

Pohlmann, K.F., lcopini, G.A., Rosal, C.G., and McArthur, R.D.., (1994), Evaluation of samolinq and field-fi l tration
methods for the analvsis of trace metals in qround water. U.S. Environmental Protection Agency,
EPA/600/R-9 41 1 19, 7 9 pp.

Pohlmann, K.F., lcopini, G.A., and Rosal, C.G., (1995), Evaluation of Field-Filtration Variables for Representative
Samples of Trace Metals is Ground Water. in Ground Water Samplinq - A Workshop Summary, U.S.
Environmental Protection Agency EPA/600/R-9 4 1205, p. 39-42.

Selected Presentations (*Presenting Author)

lcopini* G.A., S.L. Brantley, and P.J. Heaney, 2002, Kinetics of silica nanocolloid formation from supersaturated
solutions, In Special lssue of Geochimica et Cosmochimica Acta, 12th Annual V. M. Goldschmidt
Conference, Program with Abstracts, Vol. 69(15A), p. 4351.

lcopini* G.A., J. Lack, L. Hersman, and Neu, M.P., 2005, The influence of metal reducing bacteria on plutonium and
neptunium speciation, In Special lssue of Geochimica et Cosmochimica Acta, 15th Annual V. M.
Goldschmidt Conference, Program with Abstracts, Vol. 66(10), p. 4472.

lcopini*, G.A., and Long, D.T., 1999, Speciation of Dissolved Metals using Solid Phase Extractions in the Field.
Programs and Abstracts, Geological Society of America 1999 Annual Meeting, Denver, Colorado, p. 218.

lcopini*, G.A., Loconto, P.R., and Long, D.T., 1999, Quantitative trace environmental analysis: inorganic.anions and
selected organic acid anions via capillary electrophoresis with indirect photometric detection. 50'"
An niversa ry Pittsburg h Conference, Orlando, Florida, p. 44.

lcopini*, G.A., Long, D.T., Merlin, C., and Forney, L.J., 1998, Assessment of Chromium mobility using intact soil core
microcosms. Programs and Abstracts, Geological Society of America 1998 Annual Meeting, Toronto,
Ontario, Canada, p. 255.

lcopini*, G.A., Long, D.T., Ell is, R.J., and Forney, L.J., 1998, Chromium speciation and mobil ity in a wetland
environment. Programs and Abstracts, 5tn Symposium, Michigan: lts Geology and Geologic Resources,
Geological Survey Division, Michigan Department of Environmental Quality and Michigan Basin Geological
Society, p. 12.

lcopini*, G.A., Long, D.T., Ell is, R.J., and Forney, L.J., 1997, Chromium speciation in soils: lmplications for
Biostabilization. Programs and Abstracts, Geological Society of America 1997 Annual Meeting, Salt Lake
City, Utah, p.408.

Long D.T., G. lcopini*, R. Ell is, T. Marsh, C. Merlin, H. Thacker, and L. Forney,2001, (lnvited) Chromium Mobility,
DOC, and Microbiological Populations, In Eleventh Annual V. M. Goldschmidt Conference, Abstract #3582,
LPI Contribution No. 1088, Lunar and Planetary Institute, Houston (CD-ROM).

lcopini*, G.A., Gruhl, W., Gardner, J., Tien, M., and and Brantley, S.L., 2000, Preliminary investigations of
membrane bound Fe(lll) reductase and siderophore electron transport processes. Allegheny Branch of the
American Society for Microbiology Fall Meeting.

lcopini* G.A., P.J. Heaney, N.P. Mellott, S.L. Brantley, and D.M. Yates,2001, Sizing Sil ica Nanocolloids:A
Comparison of Gel Filtration Chromatography with Diffraction and lmaging Methods, In Eleventh Annual V.
M. Goldschmidt Conference, Abstract #3588, LPI Contribution No. 1088, Lunar and Planetary Institute,
Houston (CD-ROM).

lcopini* G.A., S.L. Brantley, S. Ruebush, M. Tien, and T.D. Bullen, 2002, lron Fractionation During Microbial
Reduction of lron, Eos Trans. AGU, 83(47), Fall Meet. Suppl., Abstract 8114-0706.
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RESEARCH ACTTVTTTES (2000 -20071
. Investigated Cr geochemistry of in contaminated areas
o lnvestigated role of metal-reducing bacteria in the fate and transport of metals in subsurface environments
o Assessed and modeled silica solubility in simulated hydrothermal systems
o Investigated the effect of actinide contamination on the microbial ecology of soils
o Assessing the distribution of endocrine disrupting chemicals in Montana; NRCS
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JOHN l. LaFAVE
Associate Research Hydrogeologist, Research Professor
Montana Bureau of Mines and Geology
Montana Tech of The University of Montana
1300 West Park Street
Butte, Montana 59701-8997

EDUCAT]ON
1987 M.A., University of Texas, Austin, Texas (Geology)
1983 8.S., University of Wisconsin, Madison, Wisconsin (Geology)

Office: (406) 496-4306
Fax: (406) 496-4343
email: jlafave@mtech.edu

RELEVANT EXPERIENCE
2OO2 - present: Montana Bureau of Mines and Geology: Associate Research Hydrogeologist
1993 - 2002: Montana Bureau of Mines and Geology: Assistant Research Hydrogeologist
1992 - 1993: Leggette, Brashears & Graham, Inc., St. Paul, MN: Associate Hydrogeologist
1990 - 1992: Leggette, Brashears & Graham, Inc., St. Paul, MN:Senior Hydrogeologist
1987 - 1990: Leggette, Brashears & Graham, Inc., St. Paul, MN: Hydrogeologist

RESEARCH ACTIVITIES
. Ground-WaterResourceEvaluation
. Ground-WaterGeochemistry
r lsotope Hydrology
. Ground-Water Age Dating

PUBLICATIONS (1999 - present only)
LaFave, J.1., 2006, Potentiometric surface of the basin-fill and bedrock aquifers, Mineral and Missoula counties,

Montana (open-file version), Montana Bureau of Mines and Geology: Ground-water Assessment Atlas 48-
06, 1 sheet(s), 1:100,000.

LaFave, J.1., 2006, Ground water quality in basin-fi l l  and bedrock aquifers, Mineral and Missoula counties, western
Montana (open file version), Montana Bureau of Mines and Geology: Ground-water Assessment Atlas 48-
07, 1 sheet(s), 1:500,000.

LaFave, J.|., 2006, Potentiometric surface of the shallow basin-fi||, deep basin-fi||, and bedrock aquifers, Bitterroot
Valley, Missoula and Ravall i counties, western Montana (open-fi le version), Montana Bureau of Mines and
Geology: Ground-water Assessment Atlas 4B-08, 1 sheet(s), 1:500,000.

LaFave, J.1., 2006, Ground-water quality in shallow basin-fill, deep basin-fill and bedrock aquifers, Bitterroot Valley,
Missoula and Ravalli counties, southwest Montana (open-file version), Montana Bureau of Mines and
Geology: Ground-water Assessment Atlas 48-09, 1 sheet(s), 1:500'000.

LaFave, J.1., Smith, L.N., Patton, T.W., 2004, Ground-water resources of the Flathead Lake Area: Flathead, Lake,
and parts of Sanders and Missoula counties. Part A- Descriptive overview and water-quality data, Montana
Bureau of Mines and Geology Ground-water Assessment Atlas 02A, '132 page(s)'

McDonald, C., LaFave, J.1.,2004, Groundwater assessment of selected shallow aquifers in the north Flathead Valley
and Flathead Lake perimeter, northwest Montana, Montana Bureau of Mines and Geology Open File Report
492,40 page(s).

LaFave, J.1.,2004, Nitrate in the Summit Valley of Southwest Montana. Geological Society of America Abstracts with
Programs,  Vol .36,  No.5,  p.464

Carstarphen. C.A., LaFave, J.1., Patton, T.W., 2004, Water levels and nitrate in Warne Heights, upper Summit Valley,
Silver Bow County, Montana, Montana Bureau of Mines and Geology Ground-water Open-File Report 18, 52

}/.

LaFave, J.1.,2002, Tracing ground-water f low in the Missoula Valley aquifer, Southwest Montana: Montana Bureau of
Mines and Geology Ground-Water Assessment Open-File Report 17' 16 p.
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LaFave, J.1., Patton, T.W., Smith, 1.N., Carstarphen, C.A., 2002, A fractured bedrock and deep basin-fill aquifer
system in the Kalispell valley, northwest Montana: Proceedings of the National Ground Water Association
Fractured-Rock Aquifers 2002 Conference, Denver, Colorado, p.27'31

LaFave, J.1., 2000, Hydrogeology of the Kalispell and Mission valleys, northwesl, Montana: Geological Society of
America, Abstracts with Program 2000 Rocky Mountain Section, Vol. 32, No.S, p. A-14.

LaFave, J.1., 2000, Dissolved constituents map of the southern part of the Flathead Lake Area, Lake, Missoula,
Sanders Counties. Montana: Montana Bureau of Mines and Geology, Ground-Water Assessment Atlas 2,
Part B, Map 5, scale 1:100,000.

LaFave, J.1., 2000, Potentiometric surface map of the southern part of the Flathead Lake Area, Lake, Missoula,
Sanders Counties. Montana: Montana Bureau of Mines and Geology, Ground-Water Assessment Atlas 2,
Part B, Map 4, scale 1:100,000.

LaFave, J.1., 2000, Dissolved constituents map of the Deep Aquifer, Kalispell Valley: Flathead County, Montana:
Montana Bureau of Mines and Geology, Ground-Water Assessment Atlas 2, Parl B, Map 3, scale 1:63,360.

LaFave, J.1., 2000, Potentiometric surface map of the Deep Aquifer, Kalispell Valley: Flathead County, Montana:
Montana Bureau of Mines and Geology, Ground-Water Assessment Atlas 2, Part B, Map 2, scale 1:63,360.

Carstarphen, C.A. and LaFave, J.1., 2000, Hamilton Heights bench: A hydrogeologic model for the east side benches,
Bitterroot Valley, Montana: Geological Society of America, Abstracts with Program 2000 Rocky Mountain
Section, Vol.32, No.S, p. A-5.

LaFave, J.1., 2000, Status of ground-water level monitoring sites Kalispell Valley (upper Flathead River valley)
northwest Montana, January 2000: Montana Bureau of Mines and Geology, Ground-Water Characterization
Open-File Map 14, scale 1:200,000.

LaFave, J.1., 1999, Hydrogeology and ground-water chemistry of the Kalispell Valley, northwest, Montana: Geological
Society of America, Abstracts with Program 1999 Annual Meeting, Vol. 31, No.7, p. A-349.

Patton, T.W., Rose, J.C., LaFave, J.1., and Smith, L.N., 1998, Potentiometric surface map for the Shallow Hydrologic
Unit. Lower Yellowstone River Area: Dawson, Fallon, Prairie, Richland, and Wibaux Counties, Montana:
Montana Bureau of Mines and Geology, Ground-Water Assessment Atlas 1, Part B, Map 5, scale 1:250,000.

LaFave, J.1., 1998, Potentiometric surface map for the Deep Hydrologic Unit Lower Yellowstone River Area: Dawson,
Fallon, Prairie, Richland, and Wibaux Counties, Montana: Montana Bureau of Mines and Geology, Ground-
Water Assessment Atlas 1, Part B, Map 6, scale 1:250,000.

LaFave, J.1., 1998, Potentiometric surface map for the Fox Hills-lower Hell Creek Aquifer Lower Yellowstone River
Area: Dawson, Fallon, Prairie, Richland, and Wibaux Counties, Montana: Montana Bureau of Mines and
Geology, Ground-Water Assessment Atlas 1, Part B, Map 7, scale 1:250'000.

LaFave, J.1., 1998, Dissolved Solids map forthe Shallow Hydrologic Unit, LowerYellowstone RiverArea: Dawson,
Fallon. Prairie, Richland, and Wibaux Counties, Montana: Montana Bureau of Mines and Geology, Ground-
Water Assessment Atlas 1, Part B, Map 8, scale 1:250,000.

LaFave, J.1., 1998, Dissolved Solids map for the Deep Hydrologic Unit Lower Yellowstone River Area: Dawson,
Fallon, Prairie, Richland, and Wibaux Counties, Montana: Montana Bureau of Mines and Geology, Ground-
Water Assessment Atlas 1, Part B, Map 9, scale 1:250,000.

LaFave, J.1., 1998, Dissolved Solids map for the Fox Hil ls-lower Hell Creek Aquifer Lower Yellowstone River Area:
Dawson, Fallon, Prairie, Richland, and Wibaux Counties, Montana: Montana Bureau of Mines and Geology,
Ground-Water Assessment Atlas 1, Part B, Map 10, scale 1:250'000.
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JOHN J. METESH
Senior Research Hydrogeologist, Research Professor Office: (406) 496-4159
Research Division Chief, Montana Bureau of Mines and Geology Fax: (406) 496-4451
Montana Bureau of Mines and Geology e-mail: jmetesh@mtech.edu
1300 West Park Street
Butte, Montana 5970't-8997

EDUCATION
2004 Ph.D., University of Montana (Geology), Dissertation: Geochemical evolution of flooding mine waters in a

zoned, sulfide-hosted ore deposit, Summit Valley Mining district, Butte, Montana
1990 M.S., Montana College of Mineral Science and Technology (Geological Engineering)
1986 B.S., Montana State University (Earth Science - Geology)

RELEVANT EXPERIENCE
1989 - 1990 Hydrogeologist, Montana Bureau of Mines and Geology 2003-present: Senior Research Hydro

geologist
1 990-1 995:Assistant Research Hyd rogeologist

1 995-2003: Associate Research Hydrogeologist

PU BLICATIONS (1 ee7-present)

20O4-present: Research Division
Chief

Metesh, J.J. and Duame, T.E., 1997, Abandoned-inactive mines in Montana - 1996, 1:750,000-scale map, MBMG
Special Publication 1 1 1, January 1997.

Metesh, J.J., Lonn, Marvin, R.K, Hargrave, P.A., and Madison, J.P., 1998, Abandoned-inactive mines in the Helena
National Forest, Volume l: Upper Missouri River Drainage, May 1998, Montana Bureau of Mines and Geology Open-
fi le Report 352, 195 pages.

Hargrave, P.A., Bowler, T.P., Lonn, J., Madison, J.P, Metesh, J.J., and, Wintergerst, R.,1998, Abandoned-inactive
mines in the Helena National Forest, Volume ll: Blackfoot and Little Blackfoot River Drainages, February,1998,
MBMG Open fi le report 368, 181 pages.

Marvin, R.K., Hargrave, P.A., Lonn, J., Abdo G.N., Metesh, J.J., and Bump, K., 1998, Abandoned-inactive mines in
the Southern Beaverhead-Deerlodge National Forest, September 1998, Montana Bureau of Mines and Geology
Open-file Report 379,322 pages.

Metesh, J.J. and Huang, H.H., 1998, Chemical interactions of the water in the Berkeley Pit and surrounding areas,
1998 Conference on Hazardous Waste Research, May 19-21 1998, Abstracts.

Metesh, J.J., Jarrell, T., Oravetz, S., 1998, Treating acid mine drainage from abandoned mines in remote areas,
Tech. Rep. 9871-2821-MTDC, Missoula, MT: U.S. Department of Agriculture, Forest Service, Missoula Technology
Development Center, 22 pages.

Duaime, T.E., Metesh, J.J., Kerschen, M.D., and Dunstan, C.8., 1998, The flooding of Butte's underground mines
and Berkeley Pit, 15 years of water-level monitoring (1982-1997), MBMG Open fi le report 376, August, 1998, 116
pages.

Metesh, J.J., English, A.E., Lonn, J.D., Kendy, E, and Parrett, C., 1999, Hydrogeology of the upper Soda Butte Creek
basin, Montana, Montana Bureau of Mines and Geology Report of Investigation No. 7, 66 pages,

Metesh J.J. and Kougioulis, J., 2000, Well inventory and baseline sampling, Yellowstone National Park Controlled
Ground Water Area, Montana, Montana Bureau of Mines and Geology Report of lnvestigations No. 8, 25 pages.

Metesh, J.J. and Duaime, T.E., 2000, The flooding of Butte's underground mines and Berkeley Pit, 18 years of water-
quality monitoring (1982-1999), Montana Bureau of Mines and Geology Open-fi le Report 409, July, 2000,79 pages.
with separate appendix.
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Hargrave, P.A., Kerschen, M.D., McDonald, Catherine, Metesh, J.J., Norbeck, P.M., and Wintergerst, Robert, 2000,
Abandoned-inactive mines on Gallatin National Forest Land, Montana Bureau of Mines and Geology Open-file Report
418,77 pages.

Publications (continued)

Kerschen, M.D., Hargrave, P.A., McDonald, Catherine, Metesh, J.J., and Wintergerst, Robert, 2000, Abandoned-
inactive mines on Custer National Forest-Administered Land, Montana Bureau of Mines and Geology Open-file
Report  421,59 pages.

Hargrave, P.A., Kerschen, M.D., Liva, G.W., Lonn, J.D., McDonald, Catherine, Metesh, J.J., and Wintergerst, Robert,
2000, Abandoned-inactive mines on Lewis and Clark National Forest-Administered Land, Montana Bureau of Mines
and Geology Open-file Report 413, 132 pages.

Metesh, J.J. and Kerschen, M.D., 2000, Adit discharge characterization of the Elkhorn and Chart Oak Mines, U.S.
Department of Agriculture, Forest Service, Missoula Technology Development Center, December, 2000, 14 pages.

Metesh, J.J. and Duaime, T.E., November 2001, The flooding of Butte's underground mines and Berkeley Pit Water-
quality monitoring through 2001, Montana Bureau of Mines and Geology Open-fi le Report 456, 116 pages.

Wheaton, J.R. and Metesh, J.J.,2002, Potential ground-water drawdown and recovery from coalbed methane
development in the Powder River Basin, Montana, Montana Bureau of Mines and Geology Open-file Report 458, 53
pages.

McDonald, C, Hargrave, P.A., Kerschen, M.D., Metesh, J.J., Wintergerst, R., 2002, Abandoned-inactive mines on
Flathead National Forest-Administered Land, Montana Bureau of Mines and Geology Open-file Report 462, July
2002,68 pages.

Metesh, J.J. and Duaime, T.E.,2002, The flooding of Butte's underground mines and Berkeley Pit: Water-quality
monitoring through 2001, Montana Bureau of Mines and Geology Open-fi le Report 456, 48 pages.

Hargrave, P.A., Metesh, J.J.,and McBride, K, 2003, Investigative Methods for controlling groundwater flow to
underground mine workings, USDA Forest Service, Technology and Development Program Missoula, MT, Report:
7E72G71:Acid Mine Drainage Study, July 2003,43 pages.

Duaime, T.E. and Metesh, J.J.,2003,2002 update of water-level monitoring and water-quality sampling, Butte
underground mines and Berkeley Pit, Butte, Montana: 1982-2002: Montana Bureau of Mines and Geology Open-file
Report 489,132 pages.

Maest, A.M., Metesh, J.J., and Duaime, I.E.,2004, Abstract: Mass-balance modeling of dissolved copper loading to
the Berkeley Pit, Montana, USA, 11th Annual Water Rock Symposium (presented by Ann Maest), June, 2004.

Metesh, J.J., Madison , J.P.,2004, Summary of investigation Upper Silver Bow Creek, Butte, Montana, Montana
Bureau of Mines and Geology Open-file Report 507, 7 pages.

Metesh, J.J.,2004, Spring inventory, Yellowstone controlled ground-water area.,Montana Bureau of Mines and
Geology Open-fi le Report 510, 54 pages.

Metesh, J.J., and J.R. Wheaton ,2004, A 3-dimensional, transient simulation of ground-water drawdown and recovery
from coalbed methane development in multiple coal seams in southwest Montana, Geological Models for
Groundwater Flow Modeling Workshop, Extended Abstracts, May 15, 2004 St. Catharines, Ontario, Canada.

Gammons, C.H., Metesh, J.J., and Duaime, T.E., 2006, An overview of the mining history and geology of Butte,
Montana, Technical Communications, Special Publication, Mine Water and the Environment, 25(2):70-75.

Gammons, C.H., Metesh, J.J., and Snyder, D.M., 2006, A survey of the geochemistry of f looded mines shaft water in
Butte, Montana, Special Publication, Mine Water and the Environment, 25(2): 1O0-107.

Metesh, J.J., 2006, Using a water balance to determine the source of water in the flooding underground mine
workings of Butte, Montana, Special Publication, Mine Water and the Environment, 25(2): 107-113.
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RESEARCH ACTtVtTtES (2000-2006)
o Hydrogeology and geochemistry related abandoned-inactive mines on USFS and BLM lands; USDA and

USDOI.
o Hydrogeology and geochemistry related to the Butte Area Superfund Site; MDEQ.
o Modeling the effects of water-level rise on the adjacent alluvial aquifer, Berkeley Pit, Butte, MT; EPA-DOE
o Modeling drawdown related to coal-bed methane development in southeastern Montana; USDOI
o Modeling return flows from irrigation in the upper Big Hole River basin; DNRC
o Large-scale modeling of the product recovery system at the Montana Pole site, Butte, Montana; MDEQ
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Thomas W. Patton
Senior Research HydrogeologisU Program Leader,
Ground-Water Assessment Program,
Montana Bureau of Mines and Geology

Office:(406) 496-4153
Fax:(406) 496-4343
e-mail: tpatton@mtech.edu

1300 West Park Street
Butte, Montana 59701-8997

EDUCATION
1987 M.S., Montana College of Mineral Science and Technology, Geology
1973 B.A., Valparaiso University, Geography/Geology

RELEVANT EXPERIENCE
1974-1978: Geohydrologist, Montana Department of Natural Resources and Conservation.
1978-2002: Hydrogeologist, Assistant Research Hydrogeologist, Associate Research Hydrogeologist, Sr.

Research Hydrogeologist, Montana Bureau of Mines and Geology.
1997-2OO7: Program Manager: Montana Ground-Water Assessment Program Montana Bureau of Mines and

Geology.

PUBLICATIONS ( 1 997-present only)
Bergantino, R.N., Patton, T.W., Sholes, M.A., 2003, Geologic and structure contour map of the Harlem 30' x 60'

quadrangle, north-central Montana, Montana Bureau of Mines and Geology: Open File Report 468, 7 p., 1
sheet(s), 1 :1 00,000.

Carstarphen, C.A., LaFave, J.1., Patton, T.W., 2004, Water levels and nitrate in Warne Heights, upper Summit Valley,
Silver Bow County, Montana, Montana Bureau of Mines and Geology: Ground-water Open-File Report 18, 52 p

LaFave, J.1., Patton, T.W., 1999, Dissolved constituents map for the shallow hydrologic unit, Lower Yellowstone River
Area: Dawson, Fallon, Prairie, Richland, and Wibaux Counties, Montana, Montana Bureau of Mines and
Geology: Ground-water Assessment Atlas 1B-08, 1 sheet(s), 1:250,000.

LaFave, J.1., Patton, T.W., 1999, Dissolved constituents map for the shallow hydrologic unit, Lower Yellowstone River
Area: Dawson, Fallon, Prairie, Richland, and Wibaux Counties, Montana, Montana Bureau of Mines and
Geology: Ground-water Assessment Atlas 1B-08, 1 sheet(s), 1:250,000.

LaFave, J.1., Smith, L.N., Patton, T.W., 2004, Ground-water resources of the Flathead Lake Area: Flathead, Lake,
and parts of Missoula and Sanders counties. Part A- Descriptive overview, Montana Bureau of Mines and
Geology: Ground-water Assessment Atlas 2A, 132 p.

Patton, T.W., 1999, Final report of the Turner Hogeland artificial recharge demonstration site (CD-Rom/appendices),
Montana Bureau of Mines and Geology: Open File Report 394, 133 p.

Patton, T.W., McKenna, D.P., Smith, L.N., LaFave, J.1., Buckley, L.J., 1997, Activit ies of the Montana Ground-Water
Assessment Program, Montana Bureau of Mines and Geology: Ground-water Open-File Report 3, 16 p.

Patton, T.W., Rose, J.C., LaFave, J.1., Smith, L.N., 1999, Potentiometric surface map forthe shallow hydrologic unit,
Lower Yellowstone River Area: Dawson, Fallon, Prairie, Richland, and Wibaux Counties, Montana, Montana
Bureau of Mines and Geology: Ground-water Assessment Atlas 1B-05, 1 sheet(s), 1:250,000.

Patton, T.W., Smith, L.N., LaFave, J.1., 2003, Ground-water resources of the Flathead Lake area: Flathead, Lake,
Sanders, and Missoula counties, Montana, Montana Bureau of Mines and Geology: Information Pamphlet 4, 4 p.

Smith, L.N., LaFave, J.1., Patton, T.W., Rose, J.C., McKenna, D.P., 1999, Ground-water resources of the Lower
Yellowstone River Area: Dawson, Fallon, Prairie, Richland, and Wibaux Counties, Montana. Part A- Descriptive
overview and basic data, Montana Bureau of Mines and Geology: Ground-water Assessment Atlas 1A, 43 p.

Waren, K.8., Patton, f .W .,2007, Well densities in the Flathead Lake ground-water assessment area, Flathead, Lake,
and Sanders Counties, Montana, Montana, Montana Bureau of Mines and Geology: Ground-water Open-File
Report  19.2 sheet(s) ,  1 :1,000,000.  ( ln  rev iew)

Waren, K.8., Patton, f .W.,2007, Well densities in the Lolo-Bitterroot ground-water assessment area, Mineral,
Missoula, and Ravall i Counties, Montana, Montana, Montana Bureau of Mines and Geology: Ground-water
Open-File Report 20. 2 sheet(s), 1:1,000,000. (ln review)

Waren, K.B., Patton, T.W.,2007, Well densities in the Upper Clark Fork River ground-water assessment area, Deer
Lodge, Granite, Powell, and Silver Bow Counties, Montana, Montana, Montana Bureau of Mines and Geology:
Ground-water Open-File Report 21. 2 sheet(s), 1:1,000,000. (ln review)
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RESEARCH ACTTVTTTES (2000-2007)

a

a

Climate forcing as reflected in long-lerm ground-waler-level monitoring records.
Evaluation and development of data structures in the Ground-Water Information Center to house aquifer
test data.
Development of ground-water data storage and distribution processes to more efficiently distribute data held
by the Ground-Water Information Center.
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KIRKWAREN
Associate Research Hydrogeologist
Montana Bureau of Mines and Geology
Montana Bureau of Mines and Geology

Office:(406) 496-4159
Fax:(406) 496-4451
e-mail: kwaren@mtech.edu

1300 West Park Street
Butte, Montana 59701-8997

EDUCATION
1988 M.S., Wright State University, Dayton OH (Geology-Hydrogeology) Thesis: Fracture Controlled Erosional

Processes and Groundwatei Flow in the Niagara Group Carbonates, Southwestern Ohio

1985 B.A., University of Montana (Geology)

RELEVANT EXPERIENCE

1g88 - 1989: Hydrogeologist, Rittenhouse-Zeman and Associates, Bellevue, Washington
1g8g - 2000: HyOrogeotogist, Water Management Bureau, Montana Department of Natural Resources and

Conservation
2000 - 2006: Hydrogeologist and Reclamation Specialist, Industrial and Energy Minerals Bureau, Montana

Department of Environmental Quality

PUBLICATIONS

Roberts, M. and Waren, K.,2OO1; North Fork Blackfoot River Hydrologic Study, Montana Department of Natural

Resources and Conservation DNRC Report WR-3.C.2.NFB.

Uthman, W., Waren K., and Corbett, M. 2000; A Reconnaissance Groundwater Investigation in the Upper Flathead

River Valley Area, Will iam Uthman, Kirk Waren, and Marshall Corbett, Montana Bureau of Mines and Geology Open-

File Report 414.

Voeller, T. and Waren, K., Flint Creek Return Flow Study, Montana Bureau of Mines and Geology Open-File Report

364, December, 1997

Waren, K.B., Patton, T.W., 2007, Well densities in the Flathead Lake ground-water assessment area, Flathead, Lake'

and Sanders Counties, Montana, Montana, Montana Bureau of Mines and Geology: Ground-water Open-File Report

19. 2 sheet(s), 1:'1,000,000. (ln review)

Waren, K.B., Patton, T.W., 2007, Well densities in the Lolo-Bitterroot ground-water assessment area, Mineral,

Missoula. and Ravalli Counties, Montana, Montana, Montana Bureau of Mines and Geology: Ground-water Open-File

Report 20. 2 sheet(s), 1:1,000,000. (ln review)

Waren, K.B., Patton, T.W., 2007, Well densities in the Upper Clark Fork River ground-water assessment area, Deer

Lodge, Granite, Powell, and Silver Bow Counties, Montana, Montana, Montana Bureau of Mines and Geology:

Ground-water Open-File Report 21. 2 sheet(s), 1:1,000,000. (ln review)

RESEARCH ACTIVITIES (2000-2006)
r Hydrogeology and geochemistry related to the colstrip coal Deposit; MDEQ.
o EvaluJting tfre effeCts of mining and dewatering at the Bull Mountains Mine, MDEQ
o Evaluating ground water monitoring plans for the Circle GNP power plant project, MDEO
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